Individual preferences for residential location, neighbourhood character and travel options are not always met. The availability and cost of housing and several other factors often require compromise. The primary objectives of this study were to examine neighbourhood preferences, quantify unmet demand for more walkable environments and explore associations between the built environment, travel behaviour and health after controlling for neighbourhood preference.
T he health impacts of neighbourhood design features have gained increasing attention in recent years. The World Health Organization, US Centers for Disease Control and Prevention, the Heart and Stroke Foundation of Canada and other organizations have all established policy statements to promote healthy urban environments globally in light of rapid urbanization, aging populations, low rates of physical activity and obesity. [1] [2] [3] Rapidly accumulating evidence documents consistent positive associations between built environments that are supportive of walking and non-motorized travel. [4] [5] [6] Specifically, residents of neighbourhoods with higher residential density, proximity to commercial destinations, increased street connectivity and good public transportation walk more for transportation purposes and drive less than residents of less walkable neighbourhoods, characterized by low-density development and homogenous land uses often described as "suburban". [7] [8] [9] Although associations between the built environment and health outcomes are less consistent, recent studies also show an inverse association between neighbourhood walkability and obesity, 10, 11 cardiovascular disease risk factors 12, 13 and type 2 diabetes. 14 The causal link between the built environment and physical activity has been further investigated by studies that account for residential "self-selection", or the tendency for individuals to select neighbourhoods that support their physical activity and travel preferences. [15] [16] [17] Indeed, failure to account for residential self-selection may overstate the magnitude of associations between the built environment and physical activity. 9, 18 Canadian research about the influence of neighbourhood design on physical activity and travel behaviour is more limited, although several recently published studies have found positive associations between walkability and transportation-based walking. 17, 19, 20 A study in Calgary found that residents of highly walkable neighbourhoods were more likely to engage in ≥150 minutes of transportation walking in a usual week, 17 although associations between neighbourhood walkability and recreational walking were weaker, similar to other results in Canada 19 and elsewhere. 8, 16 Associations between walkability and health outcomes have also been found in Canadian cities, with residents of highly walkable neighbourhoods in Toronto experiencing a lower incidence of diabetes 14, 20 and obesity, 20 although these findings did not account for neighbourhood self-selection factors.
Given growing evidence that the built environment offers potential to improve population health by supporting active travel, it is important to understand how and to what extent neighbourhood design influences where people choose to live. Choosing where to live is often the most complex consumer decision many people ever make. Choices are based on trade-offs about costs, house and property characteristics, transportation accessibility and neighbourhood design features. 21, 22 The relative importance of these factors varies considerably according to individual socio-demographic factors. Understanding the demand for different types of neighbourhood environment is a core aspect of urban planning and real estate market research, 23, 24 and in a public health promotion context illuminates the degree to which the public will support policies that prioritize walking and transitsupportive neighbourhoods. Studies in the US over the last decade suggest that preferences for more compact, walkable neighbourhoods are becoming more common, even if it means giving up desirable aspects of low-density environments, such as single-family housing and larger lots. 25, 26 An Atlanta-based study reported that between 18% and 38% of respondents expressed a strong preference for walkable neighbourhoods, 25 and a US national study found that support for traditionally designed, walkable communities increased from 44% in 2003 to 59% in 2005. 26 The shift towards preferences for more compact development typically found near city centres has been attributed to the convergence of several factors, including an aging population, smaller households and fewer children, rising fuel costs, severe traffic congestion, and increasing health and environmental concerns associated with low density, suburban areas. 23, 27 Research linking residential preferences with revealed location choices, travel behaviour and activity patterns is limited, 15, 28 particularly in a Canadian context. The present study seeks to fill this gap by examining residential preferences in two of Canada's largest metropolitan regions -the Greater Toronto Area (GTA) and Metro Vancouver (MV). 29 Specifically, it gauges support for walkable neighbourhoods by reporting on neighbourhood design characteristics that people are willing to "trade-off" to live in a more walkable place. It also investigates demand for more walkable neighbourhoods among those who live in areas with low walkability. Finally, it reports on how travel behaviour and weight status are related to objective walkability after adjustment for socio-demographic characteristics and stated neighbourhood preferences.
METHODS

Study area
Participants were located in the GTA in southern Ontario and MV, British Columbia (5.1 and 2.1 million people in 2011, respectively). 30 The cities of Toronto and Vancouver are the most densely populated municipalities in each region.
Data collection
A cross-sectional residential preference survey was conducted online in 2011 by Urban Design 4 Health, Ltd., in partnership with Ipsos-Reid Public Affairs, a marketing research firm that maintains a nationwide pre-recruited panel. Panelists who were 25 years or older and who lived in eligible areas of the GTA or MV were randomly selected from a pre-recruited panel to participate in the residential preference survey. There were approximately 26,000 and 10,000 total potential recruits respectively in these two areas.
Participant recruitment was stratified according to the range of walkability and incomes present in each region at the forward sortation area (FSA) level. Walkability index values were calculated for FSAs in each region on the basis of the following built environment measures: residential density, intersection density and median FSA "walk scores" (see www.walkscore.com)*. The FSA-level values of these measures were normalized within each region and summed to produce a walkability index, which was then divided into quartiles to produce four walkability categories. FSA-level income was based on 2006 Census household median income data. Each FSA was categorized into one of 12 cells (four walkability categories by three income categories of <$50,000, $50-$70,000 and >$70,000). The distribution of potential recruits was not equal across the 12 cells. In both regions, there were no potential recruits in the high walkable and high income cell, and in MV there were also no potential recruits in the second-highest walkability and high-income cell.
Measures
Participant Characteristics
Participants provided information about their age, sex, ethnicity, immigration status, household income, household size and number of children, number of licensed drivers and number of vehicles in the household. Body mass index (BMI) was calculated as kg/m 2 using self-reported height and weight. Individuals with BMI values ≥25 were classified as overweight or obese. Participants also indicated whether they were currently restricting their physical activity for any reason. using items from the Neighbourhood Physical Activity Questionnaire, which have been shown to have accepted reliability among adults. 31 Self-reported public transit trips in a usual week and annual vehicle kilometres travelled (VKT) were also captured.
Travel Behaviour
Objective Neighbourhood Walkability
Objective neighbourhood walkability was measured at the sixdigit postal code level for the City of Toronto and MV by integrating street network and parcel-level land use data from 2011 into a geographic information system. A 1 km street network-based buffer was created around each postal code centroid and the walkability index calculated as a function of four components according to methodology described in detail in Frank et al.: 32 a) net residential density; b) retail (City of Toronto) / commercial (MV) floor area ratio; c) land use mix; and d) intersection density. Standardized scores for each measure were calculated separately for each region. The walkability index was the sum of z-scores of the four normalized built environment measures. City of Toronto and MV participants were linked to the walkability index on the basis of their home postal code and assigned to quartiles of objective walkability calculated using the full range of walkability index values found within each region. Similar versions of the walkability index have been previously used to predict physical activity in several settings, supporting its validity and generalizability. 8, 15, 16 
Neighbourhood Preference
Participants completed a previously validated stated preference survey 25 that elicited preferences for various neighbourhood design features. The survey was adapted to also capture attitudes towards neighbourhood design features specific to recreation and food environments. Using an online survey provided the ability to include visual presentation in the survey. Respondents evaluated two contrasting neighbourhoods of equivalent cost in a trade-off scenario -one more walkable, and one more autodependent ( Figure 1 ) -and answered the following three questions using a 0 to 10 Likert scale.
• Question A: Your neighbourhood preference is… • Question B: Indicate if your current neighbourhood is more like "A" or "B"… • Question C: Regarding [the described attributes], the neighbourhood you'd hope to find would be [more like "A" or "B"] than your current neighbourhood. Seven different comparisons describing specific attributes of neighbourhood design (e.g., lot size, commute distance) were used to describe the trade-offs rather than more abstract descriptions (e.g., "suburb" or "smart growth"). Each comparison presented common real-world trade-offs -e.g., access to public recreation space versus larger lot sizes. Having both features would not be common in a single neighbourhood; by forcing a trade-off, these pairings help to understand which attribute the participant values more.
Data Analytic Plan
Likert scale neighbourhood trade-off responses were aggregated into three categories for descriptive analyses: i) low walkable (0-2), ii) medium walkable (3-7) and iii) high walkable (8) (9) (10) . The percentage of participants strongly preferring highly walkable versus auto-oriented neighbourhoods (Question A) was calculated. Cross-tabulation of Question B (self-reported neighbourhood walkability) and Question C (desired neighbourhood compared with current neighbourhood walkability) determined unmet demand for more walkable neighbourhoods using the same aggregated responses. Results were analyzed separately for participants in i) the City of Toronto (TOR); ii) the Outer GTA (OGTA), which includes all other GTA municipalities; iii) the City of Vancouver (VAN); and iv) Outer Metro Vancouver (OMV), which includes all other MV municipalities.
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RESIDENTIAL PREFERENCES FOR WALKABLE PLACES To investigate the relative contribution of neighbourhood preference and walkability in explaining travel behaviour and weight status, principal component analysis (PCA) was conducted separately for each region to extract a single component per participant for neighbourhood preference (Question A) and current neighbourhood responses (Question B) for the seven neighbourhood trade-offs. Cronbach's alpha exceeded 0.85 in all cases, indicating that PCA reflected each input variable and was suitable. All components explained between 53.8% and 58.0% of the variation in the data, and loadings on the preference and selfdescribed neighbourhood walkability components for both regions ranged from 0.59 to 0.85. The resulting component scores were used to categorize participants into equal range, region-based "preference" and self-described "walkability" quartiles. The full set of participants in each region was pooled into quartiles rather than stratified by city or suburb residency because of sample size limitations.
Chi-square and Welch ANOVA (analysis of variance) analyses with Games-Howell post hoc comparisons assessed whether there were significant differences between i) self-described walkability quartiles and ii) objective walkability quartiles for utilitarian walking, recreational walking, public transit use, annual VKT and overweight/obesity incidence. All travel outcomes were positively skewed and were log-transformed to approximate a normal distribution.
Logistic regression analyses were then performed on the following four dependent variables: the likelihood of participants making a utilitarian walk trip, recreational walk trip and public transit trip in a usual week, and overweight/obesity incidence.
The purpose of the models was to determine the independent effects of socio-demographic factors, neighbourhood preference and objective neighbourhood walkability on the above outcomes. When the outcome prevalence exceeded 10% and the odds ratios associated with preference or walkability were significantly different from the reference group, corrected odds ratios are reported to provide a more accurate estimate of relative risk. 33 Linear regression analyses assessed the relative contribution of neighbourhood preference and objective neighbourhood walkability on variation in annual VKT. Partial r-squared results (sr 2 ) are presented to show the explained variance attributable to each variable. Socio-demographic control variables used in the predictive modelling included age, sex, household income, visible minority status, immigration status, household size, number of children in household, licensed drivers per vehicle, vehicle ownership and physical activity status.
RESULTS
Sample characteristics
Survey responses were collected from 1,525 participants in the GTA and 1,223 participants in MV (5.8% and 11.8% of total potential recruits, respectively). A minimum of 30 surveys were obtained for 10 (GTA) and 8 (MV) of 12 walkability/income cells. The percentage of GTA study participants in the City of Toronto was 74.2%, and 41.9% of MV participants resided in the City of Vancouver. The sample had an average age of about 50 years and nearly half were married (Table 1) 
Neighbourhood preference
A strong preference for walkable neighbourhoods was exhibited across all seven trade-offs describing different aspects of neighbourhood design, particularly among city residents (TOR: 52%, VAN: 57%). By contrast, just 11% and 8% in the cities of Toronto and Vancouver respectively strongly preferred an auto-oriented neighbourhood (Figure 2a) . A high premium was placed on living within walking distance of shops and services (TOR: 61%, VAN: 64%) and a variety of food stores (TOR: 54%, VAN: 62%). Suburban participants also preferred a walkable neighbourhood, although to a lesser degree than their city counterparts. On average, OMV participants showed greater preference for walkable places (34%) than those living in the OGTA (25%). Living near a variety of food stores was strongly desired by about one third of suburban participants (OGTA: 30%, OMV: 40%), as was living within walking distance of shops and services (OGTA: 31%, OMV: 38%). Living near public recreation and green space was strongly valued by OMV residents (37%), even if it meant having a smaller backyard. The neighbourhood trade-off that had the most support for auto-oriented features was one with single-family lots, ample backyard space and fewer shops nearby (trade-off #2).
Unmet demand for different residential environments
Among participants who perceived their current neighbourhood as very auto-oriented (0-2 on the Likert scale), depending on the attribute, between 11% and 20% of City of Toronto participants and 6% and 30% of City of Vancouver participants reported that they preferred a very walkable neighbourhood (Figure 2b) . Regardless of region, participants living in areas with low walkability placed greatest value on living within walking distance of a variety of food stores and living nearer to shops and services. Unmet demand for these types of neighbourhood amenities was reported by between 20% and 25% living in low walkable suburban areas of the GTA and MV. On average, individuals living in low walkable suburban areas of MV showed the greatest demand for a more walkable environment (17% friendly (8-10 on the Likert scale) was notably lower in the cities of Toronto and Vancouver, averaging 5% and 4% respectively across the seven trade-offs.
Associations between neighbourhood walkability, travel behaviour and weight status
Living in the two highest quartiles of neighbourhood walkability (perceived or objective) was associated with greater likelihood of making a utilitarian walk trip and public transit trip, and with significantly lower annual VKT ( Table 2 ). The likelihood of making a recreational walk trip was significantly higher (p=0.028) among GTA participants in the highest quartile of perceived walkability; however, between-quartile differences were not significant when objective walkability was used. GTA participants living in the highest quartile of perceived walkability were less likely to be overweight or obese (46.2%) than those in the lowest quartile (59.2%) (p=0.041).
Logistic regression results predicting the likelihood of utilitarian walk trips, recreational walk trips, public transit trips and weight status are provided in Table 3 . After adjustment for socio-demographic characteristics and neighbourhood preference, the likelihood of making a utilitarian walk trip increased with each objective walkability quartile removed from the lowest walkability quartile (pseudo R 2 : TOR=0.15; MV=0.18). In the MV sample, those living in the most walkable areas were nearly three times more likely to make a utilitarian walk trip (odds ratio [OR]=2.88, confidence interval [CI]: 2.04-3.63) and almost twice as likely to make a public transit trip (OR=1.92, CI: 1.29-2.71) than those living in areas with the lowest walkability. Similarly, City of Toronto participants living in the two highest quartiles of neighbourhood walkability were over 1.5 times more likely to make a utilitarian walk trip and public transit trip than those in quartile 1.
The likelihood of making a recreational walk trip did not vary significantly by walkability quartile in either region after adjustment for socio-demographic characteristics and preferences. In MV, the likelihood of making a recreational walk trip was significantly greater for those in the third and fourth quartiles of neighbourhood preference (p<0.001). MV participants in the highest quartile of walkability had significantly lower odds of being overweight or obese (Q1: 59.7%; Q4: 38.4%) at the 95% confidence level (OR=0.62, CI: 0.40-0.92).
Being female, living in a household with lower income, with fewer licensed drivers per vehicle, less vehicle access, and living in a more walkable area were associated with fewer annual VKT in the City of Toronto (R 2 =0.29) and MV (R 2 =0.29), with participants residing in the third and fourth quartiles of objective walkability reporting nearly 2.5 times fewer annual VKT than those living in areas with low walkability.
DISCUSSION
This study provides important insights into attitudes towards different types of residential environment in two of Canada's largest metropolitan regions. It also reports on the relationship between perceived and objectively measured walkability, travel patterns and weight status at a higher level of detail than previously reported in Canada. Depending on the attribute, between 45% and 61% (City of Toronto) and between 52% and 64% (City of Vancouver) stated a strong preference for neighbourhoods in which they could walk or take transit. Suburban residents also demonstrated considerable support for walkable neighbourhoods, with about one third preferring such a place. These findings are consistent with those reported in the US 25, 26 and support the argument for some changes to suburban areas that better align with residential preferences.
Unmet demand for walkable neighbourhoods where commercial areas and food stores are in walking distance was observed for between 20% and 25% of individuals in suburban areas who perceive their neighbourhood as very unwalkable, with a stated willingness to sacrifice auto-oriented elements to live in such a place. These findings are similar to those reported elsewhere, 25, 34 although the present study used perceived neighbourhood walkability to assess unmet demand. Developing objective built environment measures that correspond directly with the neighbourhood trade-off questions would allow the direct measurement of supply and demand relationships across key factors, such as lot and home size, recreation space and food access, and would enable further assessment of where unmet demand for walkable neighbourhood features is greatest.
Objectively assessed neighbourhood walkability was positively associated with utilitarian walking, even after adjustment for neighbourhood preference, consistent with findings reported elsewhere. 8, [15] [16] [17] Neighbourhood preference contributed significantly to the utilitarian walking, public transit and VKT models, providing further evidence of the importance of adjusting for residential self-selection factors when examining associations between the built environment and travel behaviour. 9, 18 Notably, a lower incidence of being overweight or obese was found in the most walkable areas of Metro Vancouver after adjustment for socio-demographics factors and neighbourhood preference. However, walkability did not contribute to the incidence of overweight or obesity in the City of Toronto, which may be attributable to less variation in the built environment.
The strengths of the present study are its unique comparative nature between the Toronto and Vancouver regions and between urban and suburban settings, and the ability to control for neighbourhood preferences in evaluating associations between travel behaviour, weight status and objective walkability. Another strength is the forced trade-off design, which provides the ability to gauge underlying preferences for a specific neighbourhood feature, all else being equal. However, the study design requires participants to assume that factors such as price and school quality are held constant across neighbourhood choice, which may not be viewed as realistic. Furthermore, some of the choices provided may not exist in one of the two study regions, and some neighbourhoods may have a mix of walkable and autooriented features.
The study has several limitations. Its cross-sectional design limits the ability to infer causation, and the ability of the sample to accurately represent the population in each region is constrained by the absence of potential recruits in the high walkable and high income categories. Likewise, there were notable differences between the sample and the 2006 Census in terms of sex, households with children, and proportion of immigrants and visible minorities, which may limit generalizability.
Walkable neighbourhoods provide important health and social benefits through opportunities for daily physical activity, social interaction, better access to healthy food choices and community services. 2, 3, 6 Low-density, sprawling urban development has led to car-dependent neighbourhoods with limited opportunities for active transport. This study provides support for increasing the supply of housing in settings that are more walkable to meet consumer demand and improve population health. It demonstrates that a significant proportion of the public will support walkable and transit-oriented neighbourhoods, which, when provided, enable people to better match their residential location with their preference. Developers and planners can also use this information to help demonstrate to decision-makers and financiers the marketability and latent demand for specific features that constitute walkable urban environments.
House price changes in recent years show an increasing demand for more walkable environments, as reflected in the results presented in this study, with both the Toronto and Vancouver housing markets ranked as "severely unaffordable". 35 While the data are cross-sectional, the results presented suggest that an undersupply of walkable environments relative to demand may explain these price increases. Policy measures that prioritize the development of walkable neighbourhoods with diverse housing options geared towards a range of incomes will provide equal opportunities for residents to engage in healthy behaviours.
